By means of affinity chromatography, specific nuclear acceptor sites for estradiol receptors are identified in a fraction that can be solubilized from purified nuclei with 2 M NaCl. Interaction between these acceptor sites and crude or partially purified estradiol receptor shows a high association constant (over 109 M). Receptor-acceptor interaction is dependent on physiological concentrations of 1710-estradiol; it is disrupted by high ionic strength.
It is currently believed that the mechanism of action of a variety of steroid hormones is essentially identical. Steroids interact with high affinity specific proteins (receptors) coinfined to the cytoplasm of the target cell, and the formed hormone-recep)tor complex moves rapidly to the nucleus where it interacts with some chromatin component (nuclear acceptor) from which it can be released with 0.3 or 0.4 M KCl (1-7). We reported (8) (9) (10) on the partial purification and characterization of the receptor proteins for 17f-estradiol of calf uterus, and on the interrelationships, based on physicochemical measurements, which exist between the cytoplasmic (8.6-5 .3S) native system and the smaller (4.5S) receptor obtained after activation of a specific hydrolytic enzyme found in cytosol or in nuclei incubated with 17f-estradiol. The strict correlation which exists between nuclear binding of the estrogen-receptor comlplex with uterotropic response in vivo (11) , or with induction of de novo synthesis of a slecific uterine protein in vivo and in vitro (12, 13) indicates that nuclear localization is involved in initiating estrogen-dependent events. In this paper, affinity chromatography is used to identify and, as a first step, characterize a nuclear comlponent which has the properties of a sl)ecific acceptor for estrogen receptor com- plexes.
MATERIALS AND METHODS [6,7-3H ] 173-estradiol (40 Double-stranded DNA-cellulose was prepared (Alberts and Herrick, 17). Calf-thymus DNA (2 mg/ml) was dissolved in 10 mM Tris-HCl (pH 7.5), 0.1 mM EDTA. DNA was de- termined by the diphenylamyne reaction (18) , RNA by the orcinol reaction (19) , and proteins by the method of Lowry (20) .
RESULTS
Binding of Receptors to Nuclear Proteins. Crude or partially purified preparations of 3H-labeled estrogen receptor coml)lexes do not adsorb to nuclear sap-agarose or 0.5 MI NaCl nuclear extract-agarose. Binding of receptors to the 2 M NaCl insoluble nuclear fraction (fraction A) was insignificant in low (0.1 M KCl) and high (0.4 M KCl) salt concentration or in the presence of Ca++, Mg++, or Mn++ (1-10 mMI). In contrast, the estrogen receptor adsorbs completely on derivatives containing fraction C, the low salt insoluble material extracted from nuclei with 2 M NaCl (Fig. 1) washed repeatedly with TKED 0.12 AI, using glass fiber filters. Packed C-agarose (25 mg) was then incubated for 1 hr at 40 with 1.1 X 106 cpm of partially-purified 4.5S in a final volume of 1 ml of TKED 0.12 f. Mter centrifugation (5 min-500 X g), radioactivity was measured in the supernatant.
estrogen receptors in high salt were not saturable and thus almost certainly nonspecific.
Estradiol-Dependence of Receptor Binding to Acceptor Sites. Saturable, high affinity binding between the estradiol receptor and nuclear acceptor (fraction C) can be detected only in the presence of estradiol (Fig. 3) . In the absence of estradiol, the Scatchard plots demonstrate only nonspecific binding identical to that obtained in the presence of 0.4 M KCl.
Nature of Acceptor Sites. Fraction C contains DNA, acidic and basic proteins, and RNA. Digestion of C-agarose with proteases, such as trypsin and Pronase, destroys the ability of this derivative to bind estrogen receptors specifically (Table  1) . No significant effect is observed by digesting the gel with DNase or RNase.
No binding of estradiol receptors could be detected from columns containing native or denatured single-stranded DNA coupled to agarose or cellulose (Fig. 4) Application of a protein, lysozyme (10 ml, 1 mg/ml), on a DNA-agarose column before chromatography of estradiol receptors results in the adsorption of 67% of the receptor material to the column (Fig. 4) . Identical experiments performed with purified histones Ila (5 ml, 2 mg/ml) indicate that 83% of the partially-purified 4.5S receptor and 70% of the crude receptor adsorb to the DNA column. Application of unlabeled uterine cytosol (10 ml, 5 mg/ml) to a DNAagarose column followed by chromatography of the 3H-labeled partially-purified 4.5S receptor results in the adsorption of 6% of receptor.
Association of Acceptor Sites with Basic Nuclear Proteins. Various components present in fraction C were separated (22) on a hydroxyapatite column (Fig. 5) . Peak 1 (not retained) consists of basic proteins, peak 2 (---) ; DNA-agarose (0); DNA-agarose equilibrated with 10 ml of a solution containing 1 mg/ml of lysozyme (-). and peak 3 of nucleic acids. The material in these peaks was coupled to CNBr-activated agarose. Estrogen receptors adsorb only to the agarose containing peak 1 (Fig. 5, insert) .
When fraction C is extracted 3 times for 20 min at 40 with 0.1 M HCl to solubilize the basic proteins, the acceptor sites are found in the extract whereas the HCl residue is depleted of the acceptor sites. Two major peaks are resolved on chromatography of the active HCl extract on CM-cellulose (Fig.  6 ). Affinity chromatography with adsorbents containing the substances present in the two peaks (Fig. 6, insert) show that only the material present in peak 2 (arrows) . Fractions (7.4 ml) at a flow-rate of 30 ml/hr were collected. The three peaks were separately collected, extensively dialyzed against 20 mMI phosphate buffer (pH 7.1) containing 1 M NaCl, and coupled to CNBr-agarose; peak 3 was also coupled after heating for 10 min at 100°. Ability to retain estrogen-receptor complexes was tested as described in Fig. 1 and the results are presented in the insert. Fig. 1 and the results are presented in the insert. estradiol receptors. Peak 2 was precipitated with cold acetone and stored as a dry powder after lyophylization.
Since acceptor sites are apparently associated with basic nuclear proteins, CNBr-activated agarose was coupled with several commercially available acidic and basic proteins. Not only basic polyions such as histones and protamines, but also acidic proteins such as a-casein, bind estrogen receptors.
Scatchard plots of these interactions, compared to that of CM-C2-agarose indicate that the KCl-dependent, saturable and high affinity component is absent in all the derivatives except CM-C2-agarose (Fig. 7) . Furthermore, the estradioldependence of receptor binding to substituted agarose derivatives is observed only when the protein source is the CM-C2 peak and it is strictly and directly related to the degree of hormone saturation of the cytosol binding sites. Testosterone, progesterone, and cortisone (5 X 10-8 M) are ineffective (data not shown).
If a stoichiometric interaction of one estradiol binding site per acceptor site is assumed, it can be computed from the saturation value of the high affinity component and the amount of basic protein coupled to agarose, that less than one acceptor site exists per 1000 molecules of basic proteins.
The specificity of receptor-acceptor interaction is probably dependent on the tertiary structure of the acceptor proteins. Specificity of binding disappears progressively when the CM-C2 peak is coupled to agarose in the presence of increasing concentrations of guanidine-HCl. Binding is 78, 57, 35, and 24% of the control at 1, 2, 3, and 4 M guanidine HCl, respectively. This effect of guanidine-HCl is not due to dissociation and loss of a noncovalently bound cofactor since the acceptor, once coupled to agarose, can be washed with 0.02 N NaOH, 0.02 N HCl, or 6 M guanidine HCl (pH 6 and pH Proc. Nat. Acad (23) or in intact cells in vitro (24) . The interaction with the nuclear fraction shows a high association constant, disappears at salt concentrations used to extract nuclear estrogen-receptor complexes formed in vivo or in vitro (3, 25, 26) , and is absolutely dependent on the specific binding of the hormone to the acceptor. Similar high affinity binding is observed between nuclear fraction C and both molecular forms of estrogen receptors investigated (8.6-5.3S native system and the smaller 4.5S protein).
From the present data it is estimated that the number of acceptor sites present in fraction C is about 5-to 10- (14, 29) in the progesterone chick oviduct system, but these authors have more recently emphasized the crucial involvement of DNA in the acceptor mechanism (30) . Direct or indirect involvement of DNA in the acceptor mechanism of various (or all) steroid hormone receptors has been emphasized by several laboratories (31) (32) (33) (34) (35) (36) (37) (38) . A recent report suggests that the estrogen-receptor complex interacts with an 80S ribonucleoprotein extractable from nuclei with 0.4 M KCl (39) . In the estrogen uterus system, reports (33, 34) are in conflict concerning the role of DNA; in many studies no data on affinity or saturability are given. In all reports except one (38) , however, the results show that a very limited number of acceptor sites exist on DNA (37) . These estimations of the number of sites are in conflict with certain indirect in vivo (27) (40) , or to form nonspecific complexes with various basic proteins (41) or polyamines (42) . Such mediated interactions are reduced to a minimum, and even the most purified preparations of estrogen receptors bind to the specific agarose derivatives when experimental conditions reported here, are used.
Acceptor sites for estrogen-receptor complexes are associated with basic proteins. They are isolated together with the basic proteins of fraction C on hydroxyapatite, are extracted with HCI, and are strongly retained on CM-cellulose. These acceptor proteins are found uniformly distributed within the various F2 and F3 histones, and they represent less than 0. 1% of the total protein extracted.
Protamine, his-tones, as well as a-casein, when immobilized to agarose, interact with estrogen receptors in a way which is easily distinguishable from the interaction shown by the nuclear basic protein of the uterus since they do not display high affinity, saturability, and KCl-or estradiol-dependence.
Acidic proteins or nucleotides are often found associated with histones. These contaminants are, however, effectively removed from basic proteins by ion exchange chromatography (43, 44) . Furthermore, specific binding of estradiol receptors persists even after incubation and washing of the acceptoragarose derivatives with 6 M guanidine* HCl at pH 1.7, a treatment that should remove any noncovalently-bound cofactor.
From our data it is evident that the estrogen receptor, once it has bound the hormone, is recognized by a limited number of acceptor sites present in the chromatin. The known early step in the estrogen-induced response in the uterus is the appearance of protein synthesis dependent on new RNA synthesis (12, 13) . It is not yet known how the interaction of the estrogen-receptor complex with the acceptor induces RNA synthesis.
